Oral squamous cell carcinoma (OSCC) accounts for over 90% of malignant neoplasms of the mouth. In Taiwan, OSCC is the fourth most common male cancer and the fourth leading cause of male cancer death. Resistin (RETN) is an adipokine that is associated with obesity, inflammation, and various cancers. Here, we examine the association between four single nucleotide polymorphisms (SNPs) of the RETN gene (rs3745367, rs7408174, rs1862513, and rs3219175) and OSCC susceptibility as well as clinical outcomes in 935 patients with OSCC and in 1200 cancer-free healthy controls. We found that, in 1465 smokers, RETN polymorphisms carriers with the betel-nut chewing habit had a 6.708-10.882-fold greater risk of having OSCC compared to RETN wild-type carriers without the betel-nut chewing habit. Patients with OSCC who had A/A homozygous of RETN rs3219175 polymorphism showed a high risk for an advanced tumor size (> T2), compared to those patients
Introduction
Oral squamous cell carcinoma (OSCC) accounts for over 90% of malignant neoplasms of the mouth [1] . In Taiwan, OSCC is the fourth most common male cancer and the fourth leading cause of male cancer death [2] . Despite combination treatment with radiation, surgery, and chemotherapy, the prognosis of OSCC remains poor [3, 4] . OSCC occurs through multiple genetic alterations due to chronic exposure to environmental carcinogens. Chronic inflammation, alcohol and tobacco consumption, betel quid chewing, and viral infection are all implicated as risk factors for OSCC [5] [6] [7] . Single nucleotide polymorphisms (SNPs) constitute the most common type of DNA sequence variation influenced gene expression and protein production and function as well as disease susceptibility in particular individuals [8, 9] .
Previous research has suggested that gene polymorphisms may increase the risk of developing oral cancer. For instance, individuals carrying specific C-C chemokine ligand 4 (CCL ), interleukin-18 (IL-), or intercellular adhesion molecule-1 (ICAM-) SNPs have a higher susceptibility to OSCC compared with wild-type controls [2, 10, 11] . Thus, identifying genes that impact upon OSCC susceptibility is important for early detection of disease.
Resistin is a 12.5-kDa cysteine-rich adipokine that is constitutively secreted by adipose tissue [12] ; resistin levels in plasma correlate with inflammatory markers and coronary artery calcification, a measure of coronary atherosclerosis [13] . Several SNPs have been discovered in the RETN promoter and 3 -untranslated regions [14] . Genetic variation in RETN is associated with a greater risk of various diseases, including metabolic syndrome and colon cancer [15, 16] , while a functional RETN gene polymorphism at -420 (rs186513) appears to promote susceptibility to type 2 diabetes [17] and RETN SNPs have been found to correlate with lung cancer progression in a Chinese Han population [18] . Moreover, upregulation of resistin gene expression in human breast cancer tissues has been reported [19] . Up until now, no correlation has been established between RETN gene polymorphisms and OSCC prognosis. This case-control study sought to determine the role of four RETN SNPs and clinicopathological features in OSCC susceptibility in a cohort of Taiwan individuals.
Materials and Methods
. . Participants. We enrolled 935 patients (cases) presenting with OSCC to Chung Shan Medical University Hospital in Taichung or Changhua Christian Hospital in Changhua, Taiwan, between 2007 and 2015. A total of 1,200 anonymized healthy controls were randomly selected from the Taiwan Biobank Project; none had a previous history of cancer at any sites. The study exclusion criteria specified that subjects with oral precancerous disease, such as oral submucous fibrosis, leukoplakia, erythroplakia, or verrucous hyperplasia, were ineligible for enrollment. Data pertaining to primary tumor size, lymph node involvement, and histologic grade were extracted from medical records. Tumors were staged according to the American Joint Committee on Cancer (AJCC) Tumor, Node, Metastasis (TNM) staging criteria [20] . Prior to enrollment, all participants provided informed written consent and completed a structured questionnaire surveying sociodemographic data and cigarette and alcohol use.
. . Determination of Genotypes. Total genomic DNA was isolated from whole blood specimens using QIAamp DNA Blood Mini Kits (Qiagen, Valencia, CA), as per the manufacturer's instructions. DNA was dissolved in TE buffer (10 mM Tris pH 7.8, 1 mM EDTA) and stored at −20 ∘ C until quantitative polymerase chain reaction (PCR) analysis. Four RETN SNPs were selected (rs3745367, rs7408174, rs1862513, and rs3219175) with minor allele frequencies >5% in the HapMap population. Primers and probes consisted of rs3745367
. These SNPs have previously been found to correlate with progression of lung and breast cancer as well as development of rheumatoid arthritis [18, 19, 21] . We genotyped the SNPs with the commercially available TaqMan SNP genotyping assay (Applied Biosystems, Warrington, UK), according to the manufacturer's protocols [22, 23] .
. . Statistical Analysis. The genotype distribution of each SNP was analyzed for Hardy-Weinberg equilibrium and confirmed by Chi-square analysis. Demographic characteristics were compared between patients and controls using the Mann-Whitney U-test and Fisher's exact test. Associations between genotypes, OSCC risk, and clinicopathological characteristics were estimated using adjusted odds ratios (AORs) and 95% confidence intervals (CIs) obtained from age-and gender-adjusted multiple logistic regression models. The statistical analysis about haplotype was according to previous studies [24, 25] . A value of <0.05 was considered statistically significant. Data were analyzed using SAS statistical software (Version 9.1, 2005; SAS Institute Inc., Cary, NC).
Results
Mean age did not differ significantly between men with (n=935) and without OSCC (n=1,200) ( Table 1 ). Significant between-group differences were found for betel quid chewing (p<0.001), cigarette smoking (p<0.001), and alcohol drinking (p<0.001); all behaviors were significantly more prevalent among the OSCC cohort compared with controls (Table 1 ). Around half of the patients (49.8%) had stage I/II disease and half (50.2%) had stage III/IV disease (Table 1) . One-third (32.8%) had N1-N3 lymph node metastasis. Nearly all tumors (99.0%) were classified as M0 status; the majority of tumors (85.1%) were moderately and poorly differentiated (Table 1) . Table 2 shows the RETN genotypes in OSCC patients and controls. In the controls, all genotypic frequencies were in Hardy-Weinberg equilibrium (p>0.05). In both patients and controls, most of those with the rs3745367 SNP were homozygous for the G/G genotype, most of those with the rs7408174 SNP were homozygous for the T/T genotype, most of those with the rs1862513 SNP were homozygous for G/G, and most of those with the rs3219175 SNP were homozygous for G/G (Table 2) . After adjusting for potential confounders, we found no significant differences in the incidences of OSCC patients with the rs3745367, rs7408174, rs1862513, and rs3219175 polymorphisms compared to controls.
Tobacco consumption and betel quid chewing are important risk factors for the development of OSCC [5] [6] [7] . The effect of the interaction between tobacco consumption and betel quid chewing with RETN genotypes on OSCC progression is shown in Table 3 . Among all 1,465 smokers (healthy controls and patients combined), those who either had at least one A allele of rs3745367, one C allele of rs74081741, Table 4) . No significant between-group differences were observed for clinical stage, lymph node metastasis, distant metastasis, or cell differentiation at the rs3219175 SNP (Table 4 ).
An evaluation of the haplotypes sought to determine the combined effect of the four polymorphisms on OSCC susceptibility. In an analysis of distribution frequencies of RETN rs3745367, rs7408174, rs1862513, and rs3219175 haplotypes, the most common haplotype in healthy controls was G/T/G/G, which was therefore selected as the reference. The A/T/G/G RETN haplotype significantly increased the risk for developing OSCC by 1.376-fold (95% CI: 1.039-1.823, p<0.05) ( The adjusted odds ratios (AORs) with their 95% confidence intervals (CIs) were estimated by multiple logistic regression models that controlled for betel quid chewing, tobacco smoking, and alcohol consumption.
Discussion
Resistin is an adipokine that is associated with obesity, inflammation, and various cancers [26] [27] [28] [29] . Furthermore, evidence suggests that in patients with lung cancer, high serum resistin levels may play a role in the pathogenesis of cancer cachexia [30] . Upregulation of resistin in serum has been detected in OSCC patients [31] . RETN polymorphisms have been identified in various cancers, including colon, breast, and lung [16, 18, 19] , although scant data exist on the involvement of RETN polymorphisms in OSCC. To the best of our knowledge, this current study is the first to examine the distribution of the rs3745367, rs7408174, rs1862513, and rs3219175 SNPs and their possible association with susceptibility to the development of OSCC. We also investigated susceptibility to OSCC when these RETN SNPs were combined with environmental carcinogens. Interestingly, we did not find any significant differences between the frequencies of OSCC patients and controls with the rs3745367, rs7408174, rs1862513, and rs3219175 polymorphisms. We did discover that OSCC patients aged >54 years carrying the rs3219175 G/G homozygous polymorphism had a significantly high risk of developing large-size tumors compared to those carrying the rs3219175 A/A homozygous polymorphism. However, we did not recruit the survival results of OSCC patients. Future research could evaluate the association of RETN polymorphisms with survival of OSCC patients. In addition, it would be advisable to collect data on a larger number of patients for analysis of the functions of RETN polymorphisms in OSCC. The linkage disequilibrium is expressed across the human genome and therefore could be used as a genetic marker to locate adjacent variants that participate in the detection and treatment of disease. Haplotype analyses can provide data on disease susceptibility [32] . Our evaluation of the impact of different haplotype combinations of four RETN SNPs (rs3745367, rs7408174, rs1862513, and rs3219175) upon the risk of OSCC revealed that the A/T/G/G haplotype is associated with a high risk for OSCC when compared with the reference haplotype, G/T/G/G. Furthermore, compared with other SNPs, the A/T/G/G RETN haplotype also enhanced the risk for developing OSCC in those who chewed betel nuts. We speculate that this haplotype is in linkage disequilibrium with other functional polymorphisms that are responsible for the susceptibility to OSCC.
Exposure to environmental carcinogens might lead to an earlier onset of oral cancer development. It is known that genomic changes during hepatocarcinogenesis progressively alter the hepatocellular phenotype to produce cellular intermediates that evolve into malignancy [33] . Polymorphisms of several genes are known to be associated with the risk of OSCC [34] . Thus, genetic components may play a pivotal role in carcinogenesis. Our study demonstrates a synergistic effect between betel quid chewing and tobacco smoking BioMed Research International 5 The adjusted odds ratios (AORs) with their 95% confidence intervals (CIs) were estimated by multiple logistic regression models that controlled for alcohol consumption.
with four RETN SNPs (rs3745367, rs7408174, rs1862513, and rs3219175) on the risk of developing OSCC. Smokers with at least one A allele of rs3745367, one C allele of rs74081741, one C allele of rs1862513, or one A allele of rs3219175 and who chewed betel nuts were more likely to develop OSCC, with respective odds of 8. ). Long-term exposure to tobacco smoke and betel-nut chewing has been found to promote chronic inflammation reactions in oral tissue, subsequently leading to random genetic alteration and the development of oral cancer [35] . We suggest that tobacco smoking and betel-nut chewing in combination with RETN polymorphisms can increase the risk of rapid progression to oral cancer; thus, patients with a higher RETN polymorphism need to be aware of their higher risk of oral cancer.
Our results demonstrate an association between RETN gene variants and risk of OSCC. Compared with OSCC patients carrying the G/G genotype, those with the A/A genotype at the rs3219175 SNP were prone to developing largesize tumors. In an analysis of haplotype combinations of four RETN SNPs (rs3745367, rs7408174, rs1862513, and rs3219175), the A/T/G/G haplotype was found to be associated with a high risk of OSCC. Thus, RETN could serve as a genetic prognostic marker for OSCC treatment.
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